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FOREWORD 


This  Interim  Technical  Progress  Report  covers  the  work  performed  under 
Contract  AF33(600) -36713  from  1  October  1962  through  31  December  1962.  It  Is 
published  for  technical  Information  only  and  does  not  necessarily  represent  the 
recommendations,  conclusions,  or  approval  of  the  Air  Force. 

This  contract  with  Northrop  Corporation,  Noralr  Division,  Hawthorne,  Cali¬ 
fornia,  was  administered  under  the  direction  of  Mr.  T.  S.  Felker  of  the  Basic 
Industry  Branch  (ASRCTB),  Manufacturing  Technology  Laboratory,  Aeronautical 
Systems  Division,  Wrlght-Patterson  Air  Force  Base,  Ohio. 

L.  M.  Christensen  of  Northrop  Noralr 's  Materials  Sciences  Laboratory  was 
the  engineer  In  charge.  Major  subcontractor  was  Allegheny  Ludlum  Steel  Corporation, 
Hatervllet,  New  York,  with  Mr.  R.  P.  DeVries  In  charge  of  the  subcontract  engineer¬ 
ing  effort.  Reporting  to  Mr.  DeVries  Is  Mr.  J.  H.  Rice  In  charge  of  both  ex<p 
trudlng  and  warm  drawing  operations. 

The  primary  objective  of  the  Air  Force  Manufacturing  Technology  Program 
Is  to  Increase  produclblllty,  and  Improve  the  quality  and  efficiency  of  fabrication 
of  aircraft,  missiles,  and  coB4>onents  thereof.  This  report  Is  being  disseminated 
In  order  that  methods  and/or  equipment  developed  may  be  used  throughout  Industry, 
thereby  reducing  costs  and  giving  "MORE  AIR  FORCE  PER  DOLLAR." 

Your  comments  are  solicited  on  the  potential  utilization  of  the  Information 
contain^  herein  as  applied  to  your  present  or  future  production  programs. 
Suggestions  concerning  additional  Manufacturing  Technology  development  required 
on  this  or  other  subjects  will  be  appreciated. 
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I  INTRODUCTION 


This  report  Is  the  thirteenth  In  a  series  of  Interim  engineering  reports 
concerning  a  program  for  the  development  of  an  Improved,  commercially  feasible 
extruding  process,  coupled  with  post  extrusion  cold  and  warm  drawing,  to  produce 
ultra-thin  alrframe-quallty  steel  extrusions  that  are  comparable  In  quality  to 
their  aluminum  alloy  counterparts. 

The  reporting  period  covered  In  this  document  extends  from  1  October  1962 
through  31  December  1962. 

Included  In  this  report  Is  a  summary  and  evaluation  of  warm  drawing 
process  technique  development  for  both  H-11  and  PH15-7MO  materials.  Details 
of  an  extended  effort  to  fully  optimize  the  process  Is  delineated  with  an 
emphasis  on  "pointing"  procedure  and  metallurgical  control. 

Further  experience  and  conclusions  relating  to  the  sporadically  encountered 
chevron  type  defect  In  both  materials  Is  summarized.  A  recent  revision  to  the 
objectives  and  scope  of  the  contract  Is  also  Included. 

A  change  In  mode  of  preheating  from  Induction  to  a  resistance  type 
furnace  Is  described. 

For  the  benefit  of  the  reader.  Appendix  I  contains  sunsarles  of  the 
Interim  Engineering  Reports  which  have  been  previously  published  on  this 
contract. 
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II  CONTRACT  SUMMARY 


The  following  brief  summary  of  the  primary  contract  work  statement 

elements  Is  presented  for  continuity  of  this  report: 

Phase  I  Survey  of  the  aircraft  and  extrusion  Industries  to  select  shapes, 
alloys,  and  specifications  for  the  extrusions  to  be  developed  In 
this  program. 

The  three  subcontractors  chosen  to  participate  In  the  development 
of  experimental  techniques  to  produce  the  simplest  shape  In  two 
selected  alloys  were: 

Allegheny  Ludlum  Steel  Corp.,  Uatervllet,  N.  Y. 

Harvey  Aluminum,  Torrance,  California 

C.  I.  E.  P.  M. ,  Paris,  France 

Phase  II  Development  and  Optimization  of  cold  and  warm  draw  techniques  for 
the  .06  thick  Tee  shape  which  was  developed  In  Phase  I. 

Phase  III  Development  of  both  extrusion  and  draw  techniques  for  an  actual 
B-70  Weapons  System  structural  shape  In  PH1S-7M0  steel  alloy. 

Phase  IV  Development  of  both  extrusion  and  draw  techniques  for  the  same 
B-70  shape  as  Phase  III  except  that  the  material  shall  be  A-286. 

Phase  V  Development  of  production  methods  for  heat  treatment  of  steel 
extrusions. 

Allegheny-tudlum  Steel  Corporation  has  been  chosen  as  the  subcontractor 

for  the  development  activity  of  Phase  II. 


Ill  CONCLUSIONS 


1.  The  loss  of  load  carrying  capability  In  the  point  and  shoulder  area  of 
drawn  sections  Is  critical  when  working  with  thicknesses  of  .05  and  less. 
Sections  of  .06  thickness  and  larger  are  not  appreciably  affected  because 
the  few  thousandths  of  an  Inch  removed  per  side  for  the  point  Is  a  progress¬ 
ively  smaller  percent  of  the  load  carrying  cross  section. 

2.  To  make  It  possible  to  obtain  repetitively  successful  results  prellmary 
draw  dies  should  be  designed  without  restraint  at  the  extremities.  Edges 
should  be  sized  as  a  final  step  In  the  series  of  reductions. 

3.  Best  prospect  for  eliminating  deficiencies  of  point  reliability  to 
PH15-7M0  Is  by  transforming  the  metallurgical  structure  of  the  point  and 
shoulder  area  from  austenite  to  martensite.  This  will  Increase  the  strength 
level  In  the  area  of  smaller  cross  section  without  affecting  deformation 
characteristics  of  the  shape  to  be  drawn. 

4.  More  refinement  of  pointing  techniques  and  a  better  understanding  of  the 
metallurgy  Involved  In  the  various  processing  steps  will  be  necessary  before 
warm  drawing  can  be  considered  optimized. 

5.  The  newly  Installed  resistance  heat  furnace  which  has  replaced  Induction 
heating  as  a  means  of  preheating  the  drawing  stock  has  been  demonstrated  to 
be  more  reliable  but  less  flexible  for  this  type  of  application. 

6.  Steel  extrusion  of  the  target  configuration  can  be  adequately  and 
satisfactorily  stretch  straightened  without  resorting  to  application  of  heat 
during  the  stretching  operation. 

7.  Chevron  type  defects  which  have  occurred  on  both  H-11  and  PH15-7MO  are 
caused  by  lubrication  failures  which  are  often  associated  with  metal  plleup  and 
resultant  uneven  draw  forces. 
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IV  COLD  AND  WARM  DRAWING  DEVELOPMENT 


OBJECTIVE 


Extrusions  for  advanced  design  aerospace  vehicles,  often  require  a  drawing 
operation  following  extrusion  to  obtain  the  required  finished  size.  This  Is  so 
for  two  reasons:  first,  sectional  thinness  and/or  tolerances  required  are 
beyond  that  which  can  be  obtained  by  the  most  advanced  extrusion  processes; 
secondly,  tensile  and  yield  strength  of  some  alloys  are  Improved  by  cold  working 
of  the  metal  prior  to  heat  treatment.  The  varied  designs  to  be  encountered  with 
the  special  aircraft  shapes  necessitate  a  directed  study  Into  the  fundamentals  of 
cold  and  warm  drawing  processes.  To  date,  the  process  of  metal-working  has  been 
an  art,  one  of  trial -and -error.  A  concerted  effort  will  be  made  to  reduce  the  vari¬ 
ables  to  predictable  facts.  The  entire  scope  of  Phase  II  will  be  directed  towards 
development  of  all  precepts  and  facets  of  drawing  operation  as  necessary  to  bring 
the  extrudable  product  to  an  even  thinner  and  closer  tolerance  article  for  use 
In  airplanes,  where  weight  and  structural  Integrity  are  being  utilized  to  a 
degree  not  before  contemplated.  These  purposes  will  best  be  served  by  utilizing 
the  typical  advanced  design  extruded  shape  which  formed  the  basis  of  develop¬ 
ment  of  advanced  extruding  techniques  In  Phase  I.  Using  the  Phase  I  "T"  shape, 
complete  details  and  precepts  will  be  Investigated  and  parameters  established 
to  yield  the  following  specific  target  goals  In  addition  to  the  basic  configur¬ 
ation  shown  In  Figure  1: 

a.  Minimum  length  of  20  feet. 

b.  Thickness  of  flange  and  section  of  .040  +  .003. 

c.  Radius  between  flange  and  section  of  .060  +  .010. 

d.  Surface  finish  of  63  rms  or  better.  ~ 

e.  Straightness  of  .0063-lnch/linear  foot. 

f.  Twist  one  quarter  degree/linear  foot,  2-1/2®  max. 

g.  Angularity  +  1°  at  any  point  of  measurement. 

h.  Flatness  of .002 -inch/ inch  cross-wise  dimension. 

1.  Aircraft  and  missile  quality  mechanical  properties 
required  In  the  as-drawn  condition. 

DRAWING  FACILITY  &  EQUIPMENT 

Basic  equipment  chosen  for  experimental  use  in  developing  parameters  and 
techniques  of  warm  drawing  at  the  Watervliet,  New  York,  facility  of  Allegheny 
Ludlum  Steel  Company  was  a  100,000  lb.  chain  driven  draw  bench.  To  provide 
the  necessary  preheat  of  the  stock  prior  to  drawing,  an  induction  heating  unit 
was  Installed.  For  this,  a  Lepel  100  KW  Induction  heater  was  rented  by 
Allegheny  Ludlum  through  the  Titanium  Metals  Corporation  of  America  and  was 
to  be  utilized  both  on  Norair's  steel  warm-drawing  program  and  on  Republic 
Aviation's  titanium  warm-drawing  program.  To  transmit  the  heat  into  the  work 
piece,  Lepel  also  supplied  a  spiral  wound,  25  turn  work  coll, which  was  smunted 
adjacent  to  the  draw  die.  Temperature  is  sensed  by  an  Infra-Red  Pyrotel  Unit 
aimed  at  the  exit-aperture  end  of  the  work  coil. 

For  full  details  and  photographs  of  the  above  and  other  auxiliary  equip¬ 
ment,  see  previous  Interim  Engineering  Report  #12. 
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FIGURE  1  CONFIGURATION  OF  WARM  DRAWN  PHASE  U  TARGET 

SHAPE  TO  BE  PRODUCED  IN  H-11  AND  Phl5-7Mo  STEELS 
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DIES 

The  same  Tungsten  Carbide  dies  that  were  previously  used  for  drawing  the 
H-11  alloy  were  utilized  In  the  current  Investigation  of  drawing  PH15-7M0 
except  that  the  Inserts  were  shipped  back  to  American  Carbide  to  have  the 
fillet  radius  area  enlarged  from  .06  to  .09  to  avoid  the  build-up  of  excess 
metal  which  had  been  previously  encountered. 

A  photo  of  this  sectional  die  Is  shown  In  Figure  2. 

Drawings  of  this  die  assembly  were  Included  In  an  earlier  report,  but  a 
clearer  Interpretation  of  the  assembly  could  be  gained  by  Including  a  photograph. 
The  sections  marked  with  a  "C"  denote  tungsten- carbide  material,  while  sections 
marked  with  "S"  or  unmarked  are  of. H-11  tool  steel.  A  cover  plate  is  placed  over 
the  assembly  of  blocks  to  hold  them  firmly  in  place.  The  cover  also  adds  rigidity 
during  the  drawing  operation.  Further  reduction  can  be  obtained  by  changing  to 
thinner  shims  between  the  tungsten-carbide  Inserts. 
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V  EVALUATION  OF  PROCESS  DEVELOPMENT 


The  scheduled  conclusion  of  Phase  II  effort  was  very  successful  from  the 
technological  standpoint  of  achieving  a  final  product  which  conformed  to  target 
specifications.  However,  the  amount  of  final  product  yielded,  particularly  on 
PH15-7MO  alloy,  was  so  small  that  the  process  could  hardly  be  considered  optimized. 
It  was  demonstrated  conclusively  that  the  process  Is  technically  feasible  and  the 
potential  benefits  in  quality  of  product  and  advancement  of  the  state-of-the-art 
are  substantial. 

Surface  quality  and  dimensional  Integrity  of  the  .04  thick  warm-drawn  shape 
Is  excellent;  the  surface  Is  consistently  smoother  than  63  rms  and  within  + 

.003"  tolerance.  This  means  that  we  are  now  approaching  feasibility  of  usage 
In  the  as-extruded  and  drawn  condition  of  the  multitude  of  ultra-thin  PH15-7M0 
sections  such  as  those  which  have  been  designed  for  the  RS-70  weapons  system. 

To  date  these  sections  have  had  to  be  laboriously  and  expensively  machined  from 
oversized  extrusions  or  from  bar.  Since  the  vast  majority  of  the  RS-70  shapes 
have  members  as  thin  as  .030  to  .050  thickness,  the  optimization  pf  .040  thick 
shapes  under  this  project  promises  a  tremendous  savings.  The  current  technical 
status  of  this  development  Is  best  summarized  by  stating  that  the  feasibility 
Is  conclusively  proven  but  not  yet  perfected  to  the  point  of  assuring  an  ade¬ 
quate  predictability. 

ANALYSIS  OF  THE  PROBLEM 


In  order  to  start  the  drawing  operation.  It  Is  necessary  to  prepare  the 
section  by  what  Is  called  "pointing".  This  means  that  the  first  six  inches 
must  have  Its  thickness  reduced  sufficiently  to  allow  it  to  pass  unrestricted 
through  the  draw  die  so  that  it  can  be  grasped  on  the  far  side  of  the  draw  die 
by  gripper  Jaws.  The  trolley  which  holds  the  gripper  Jaws  then  Is  pulled 
down  the  bed  and  the  deformation  of  drawing  starts  at  the  shoulder  of  the 
point  where  It  contacts  the  bearing  area  of  the  draw  die.  In  drawing  a  section 
of  normal  thickness  of  .25  of  an  Inch,  the  few  thousandths  of  an  Inch  that  are 
removed  for  the  point  Is  a  small  comparative  percentage  as  opposed  to  a  section 
which  is  only  .05  thick.  In  which  case  a  substantial  percentage  of  cross- 
sectional  area  Is  lost.  Which  means  that  there  is  a  significant  loss  In  draw 
.  carrying  capacity  In  the  pointed  area.  The  periphery  of  a  thin  section  Is 
I  nearly  as  great  as  that  of  a  thick  section,  so  that  the  draw  load  remains 
nearly  the  same.  This  Is  true  because  friction  accounts  for  at  least  90Z  of 
the  draw  load.  With  a  marginal  relationship.  Irregularities  in  the  point 
area  such  as  scratches,  undercutting,  or  machining  marks  which  are  normally 
of  no  consequence, become  critical  and  often  result  in  point  breakage. 

Such  difficulty  was  encountered  in  the  development  of  the  warm-drawing 
techniques  with  a  starting  quantity  of  twelve  lengths  of  PH15-7MO.  After  pro¬ 
cessing  them  through  the  various  experiments  with  repointing  after  each  of  the 
four  draws  the  quantity  remaining  through  the  last  .043  pass  was  two  lengths 
of  only  three  feet.  Reasons  for  this  high  mortality  were  as  follows,  with 
points  being  experimentally  prepared  by  various  methods: 
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a.  Point  failure  due  to  excessive  grinding  in  point  preparation. 

b.  Point  failure  due  to  undercutting  at  the  llquld-alr  Interface  In 
the  pickling  solution. 

c.  Point  failure  due  to  lack  of  straightness  In  machining  points. 

d.  Point  failure  due  to  excessive  deformation  In  the  fillet  or  edges 
of  the  extrusion. 

e.  Arcing  In  the  work  coll  due  to  liner  failure  with  the  consequent 
stoppage  of  drawing. 

f.  Point  failure  due  to  overheating  vagaries  of  the  Induction  heater. 

g.  Cracking  during  straightening. 

h.  Slight  misalignment  of  draw  dies,  causing  a  bending  moment  on  point. 

A  revlewal  of  these  causes  leads  to  the  supposition  that,  with  a  sub¬ 
sequent  order,  many  of  them  would  be  eliminated  entirely  and  the  balance 
would  be  substantially  reduced.  This  however.  Is  an  opinion  and  needs  to 
be  substantiated  by  test  to  be  able  to  say  the  process  Is  predictably  re¬ 
producible. 

CONCLUSIONS 


An  analysis  of  the  results  and  difficulties  encountered  in  the  foregoing 
effort  which  were  delineated  in  detail  In  previous  Interim  report  #13  yields 
the  following  conclusions: 

(1)  Both  H-11  and  PH15-7M0  have  been  successfully  warm  drawn  through 
four  successively  smaller  draw  dies  to  a  thickness  of  .OAO  +  .003. 

(2)  Though  technically  successful,  the  warm  drawing  process  cannot  be 
considered  optimized  because  of  a  high  attrition  rate  In  "point" 
preparation. 

(3)  The  loss  of  load  carrying  capability  in  the  point  and  shoulder  area 
is  critical  when  working  with  sections  of  .05  thickness  and  less. 
Sections  of  .06  and  larger  are  not  appreciably  affected  because  the 
few  thousandths  of  an  Inch  removed  per  side,  for  the  point.  Is  a 
progressively  smaller  percent  of  the  load  carrying  cross  section. 

(4)  A  potential  solution  to  this  critical  problem  Is  the  successful 
development  of  a  means  of  raising  the  strength  level  appreciably  In 
the  point  and  shoulder  area  only.  This  Investigation  Is  under  way 
at  Noralr  and  appears  promising. 

(5)  Intermediate  annealing  between  draw  passes  appears  beneficial  In 
reducing  draw  loads  when  working  with  such  thin  sections. 


(6)  The  anount  of  deformation  around  the  periphery  of  the  cross  section 
must  be  relatively  equivalent  to  avoid  excessively  uneven  draw  loads 
and  metal  pileup. 

(7)  Designed  experiments  with  straightening  of  PH15-7MO  disproved  a 
previously  held  belief  that  chevron  defects  were  attributed  to 
uneven  residual  stresses  Induced  by  gag  straightening.  The  conclu¬ 
sion  is  now  reached  that  chevrons  are  caused  by  lubrication  failure. 

(8)  Constant  speed,  constant  power  Input  with  the  Induction  heater  Is  a 
satisfactory  means  of  obtaining  temperature  control  within  limits 
liberalized  by  necessity  to  plus  or  minus  50°F. 
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VI  ADDITIONAL  PHASE  II  EFFORT 


It  Is  therefore,  the  opinion  of  the  contractor  that  further  refinement 
of  specific  techniques  should  be  effected  to  consider  the  process  optimized. 

The  best  techniques  developed  In  the  preceding  effort,  plus  the  Incorporation 
of  new  variations  will  be  utilized.  The  add-on  effort  will  primarily  incorporate 
much  greater  emphasis  and  care  In  precision  pointing  operation  and  a  broader  and 
more  metal lurglcally  oriented  approach  to  the  development. 

The  previously  available  extrusion  stock  was  depleted  because  of  the  high 
mortality  rate  due  to  point  breakage.  It  will  be  necessary  therefore,  to 
extrude  more  billet  material  to  supply  ample  stock  for  the  ensuing  program. 

The  following  Is  a  breakdown  of  detail  planning  for  the  next  series  of 
experiments : 

1.0  PROGRAM  PLAN  OF  PROPOSED  ADDITIONAL  PHASE  II  EFFORT 

1.10  PROCUREMENT 

1.11  EXTRUSION  DIES 


Dies  shall  be  procured  to  the  design  configuration  and 
material  used  In  the  last  extruding  effort,  except  that 
outside  corners  shall  be  full  round.  They  shall  be  procured 
from  the  Ferndale  plant  of  Allegheny  Ludlum  Steel  Corporation 
and  shall  be  of  X-ray  quality. 

1.12  BILLETS 

Six  billets  of  PH15-7MO  shall  be  procured  from  Armco  Steel 
Corporation.  Billets  shall  be  alrmelted  to  North  American 
Aviation's  chemistry  limits.  The  delta  ferrite  content  shall 
not  exceed  20%,  The  following  examinations  shall  be  performed 
In  a  similar  manner  to  that  used  In  the  last  billet  procurement. 


a.  Micro 

b.  Macro 

c.  Chemistry 

1.20  EXTRUDING 

1.21  GENERAL 

The  extruding  operation  should  be  performed  In  the  same  manner, 
conditions,  and  criteria  as  utilized  In  the  November  1961 
effort.  Billet  heating  techniques,  tlme-at-teiq>erature,  die 
lubricant,  container  lube,  billet  lube,  container  temperature, 
etc.  shall  all  be  Identical. 

Before  attempting  actual  extruding,  dry  runs  shall  be  made  as 
necessary  to  refamlliarlze  the  crew  with  billet  handling  and 
loading  techniques. 
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1.22  TEMPERATURE  RECORDING 


If  possible,  the  Pyrotel  unit  from  the  Lepel  induction 
heater  shall  be  set  up  and  utilized  to  record  extrusion 
exit  temperature  readings  in  place  of  the  35  mm  cameras 
previously  used. 

1.23  TESTING  OF  EXTRUSIONS 


Each  extrusion  shall  be  subjected  to  the  following  tests: 

a.  Micro  for  delta  ferrite  at  each  end. 

b.  Hardness  at  each  end  as  extruded. 

c.  Mechanical  properties  in  an  as-extruded  condition, 
one  longitudinal  specimen  from  each  end. 

d.  Mechanical  properties  heat  treated  to  RH  950  —  3L 
and  3T  from  each  end  (F^y,  Ftu  and  %  E).  Also 
micros  and  R^. 

All  test  bars  shall  be  prepared  in  accordance  with  specimen 
drawing  to  be  furnished  by  Norair. 

All  sections  to  be  stretch  straightened. 

1.30  PRELIMINARY  THERMAL  TREATMENT  ESIPERIMENTATION 


One  extrusion  shall  be  selected  on  the  basis  of  best  conformance 
to  dimensional  control  and  cut  and  prepared  as  required  to 
furnish  stock  for  experimental  operations  covered  under  1.30, 
1.40,  1.50,  and  1.60. 

The  purpose  of  the  following  experiment  is  to  determine  the 
effect  of  1950  F  treatment  on  the  amount  of  delta  ferrite. 

Heat  treat  as-extruded  material  at  1950  F  for: 

a.  1/2  hour,  1  hour,  2  hours,  4  hours  (W.Q. )  . 

b.  Determine  delta  ferrite  by  micro  and  Rq. 

c.  Subcool  to  -100  F  and  -320  F  and  determine  amount 
of  austenite  and  martensite  by  micro,  hardness 
and  magnetic  permeability. 

1.40  PRELIMINARY  METALLURGICAL  TESTS 

Purpose  is  to  determine  the  austenitic  stability  characteristics 
of  a  1950  F  solution  annealed  material  with  time-at- temperature 
determined  from  1.30  above. 

a.  Reduce  lOX  in  rolling  mill  at  600,  800,  1000,  and  1200  F 
and  obtain  micros,  hardness,  and  magnetic  permeability 
checks  for  each. 
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b.  Reduce  40%  in  rolling  mill  at  600,  800,  1000,  and  1200F 
and  obtain  micros,  hardness,  and  magnetic  permeability 
checks  for  each. 

c.  From  the  above  data  plot  the  percent  reduction  versus 
hardness  and  percent  martensite  for  each  temperature 
of  reduction. 

d.  Evaluate  to  determine  optimum  drawing  temperature. 

1.50  PRE-DRAW  PREPARATION 

1.51.  THERMAL  TREATMENT 


Cut  balance  of  selected  extrusion  Into  two  pieces  and  solution 
anneal  according  to  heat  treatment  determined  In  1.30  above. 

a.  1950  F  followed  by  water  quench. 

b.  Obtain  micro  and  hardness. 

1 . 52  POINTING 


Due  to  the  critical  nature  of  this  operation  all  efforts  In  this 
section  shall  be  performed  wholly  by  Allegheny  technicians  rather 
than  operating  shop  personnel. 

a.  Perform  auxiliary  straightening  operation  In  point  area 
to  obtain  optimum  straightness  and  flatness. 

b.  Chemically  machine  points  with  solution  formula  to  be 
furnished  by  Noralr. 

c.  Prepare  points  to  sufficiently  small  size  to  accommodate 
all  four  draw  operations. 

d.  Mask  off  applicable  area  to  prevent  chemical  action  at 
the  liquid  to  air  Interface. 

e.  Prepare  point  with  a  tapered  shoulder  1.00  In  length. 

f.  On  one  of  the  two  sections  subcool  the  point  area  and 

half  of  the  shoulder  to  effect  an  austenitic  to  martensitic 
transformation. 

g.  Take  micros  and  hardness  transverse. 

h.  Measure  and  record  range  of  thickness  over  point  area. 

1.60  EXPERIMENTAL  WARM  DRAWING 

1.61  LUBRICATION 


The  same  lubricants  and  method  of  application  shall  be  used  as 
determined  to  be  most  dependable  in  previous  effort.  Extreme 
care  should  be  exercised  to  Insure  adequate  and  even  coating 
of  lube  to  reduce  friction.  The  importance  of  this  cannot  be 
over*empha8lzed  because  more  than  90  percent  of  the  draw  load 
is  caused  by  friction.  If  the  lubrication  is  inferior  the  draw 
load  will  rise  drastically  and  pull  off  the  points. 
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1.61  LUBRICATION  (continued) 


An  increasing  draw  load  drastically  accelerates  the  stress  when 
based  on  ultra>thin  sections.  If  the  draw  load  can  be  kept 
below  10,000  lbs.,  then  an  austenlzed  point  of  .036  thickness 
(sufficient  for.  final  pass)  would  Involve  a  stress  of  122,000 
PSI.  Since  the  PH15-7MO  material  is  good  for  about  150,000  PSI 
the  points  should  hold.  However,  notch  effects  and  dynamic 
loading  make  it  marginal,  depending  on  severity. 

1.62  ALIGNMENT 


Before  drawing,  dies  should  be  carefully  checked  for  alignment 
to  minimize  bending  moments  that  would  otherwise  be  involved. 
Permanent  type  shims  shall  be  provided  and  utilized  as  necessary. 
Strain  gages  shall  be  re-calibrated  and  the  trolley  and  gripper 
head  lined  up  properly. 

1.63  DRAW  TEMPERATURE 


a.  Draw  temperature  shall  be  as  determined  from  1.40  and 
incorporated  on  the  basis  of  constant  power  and  constant 
speed. 

b.  Before  starting  the  induction  heater,  the  console  should 
be  vacuumed  and  the  cooling  system  flushed  out. 

c.  Sighting  area  of  the  Pyrotel  unit  shall  be  5/8  of  an  inch 
up  from  the  base  on  the  vertical  leg. 

1.64  WARM  DRAWING  AT  OPTIMUM  TEMPERATURE  WITHOUT  INTERMEDIATE 

THERMAL  TREATMENT  ON  1950  F  SOLUTION  ANNEALED  MATERIAL  I 

Record  pertinent  criteria  for  each  draw  on  data  sheet  shown  | 

in  Figure  3.  I 


a. 

1st 

pass  --  Micro 

Rc 

draw 

load 

b. 

2nd 

pass  —  Micro 

Rc 

draw 

load 

c. 

3rd 

pass  —  Micro 

Rc 

draw 

load 

d. 

4th 

pass  --  Micro 

Rc 

draw 

load 

1.65  WARM  DRAWING  AT  OPTIMUM  TEMPERATURE  WITH  INTERMEDIATE  THERMAL 
TREATMENT  ON  1950  F  SOLUTION  ANNEALED  MATERIAL _ 


Record  pertinent  criteria  for  each  draw  pass  on  data  sheet 
shown  in  Figure  3. 

a.  1st  pass  —  Micro  R^  draw  load 
Stress  relief  4  hours  at  1200  F 
Micro  and  R^ 

b.  2nd  pass  —  same 
same 

same 
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DATE: 


DRAW  LOAD 


TEMPERATURE  P 


±..  1 . 1 . 1 


1  I  I  I  .  1  .  L_,l„ ,  L .. -J  ._- L 

DISTANCE 


EXTRUSION  NUMBER 


KmmwM 


LI  'STARTING 

mw) . 


PREHEAT  TECHNIQUE 


mmr 

mi 


TYPE  OF  roiiTf  PRSPmfroT" 
T^P  &  IffiTHOi)  OF  STRAIGHTmKG 
RESULT 


1 


MEASURSfENTS  AT  IS"  INTERVALS 


FIGURE  3  DATA  SHEET  FOR  DRAWING  OF  STEEL  TEE  SHAPE 


15 


1.65  WARMDRAWING  AT  OPTIMUM  TQIPERATURE  WITH  INTERMEDIATE  THERMAL 
_ TREATMENT  ON  1950  F  SOLUTION  ANNEALED  MATERIAL  (Continued) 


c.  3rd  pass  --  same 
same 

same 

d.  4th  pass  —  same 
same 

same 

1.66  IN  PROCESS  STRAIGHTENING 


Straightening  as  necessary  shall  be  performed  by  stretch 
straightening. 

1.70  HEAT  TREATMENT  OF  EXPERIMENTALLY  DRAWN  SHAPES 

a.  The  two  .043  thick  wsirm  drawn  tee  sections  from  Section  1.60 
shall  be  heat  treated  to  the  RH-950  condition. 

b.  Determine  Fty>  ^tu*  ^  both  longitudinal  and  transverse 
directions.  Eighteen  specimens  will  be  required  with  three 
samples  each  (L  &  T)  from  the  two  ends  and  from  the  center  plus 
micros  and  R^. 

1.80  PILOT  PRODUCTION  WARM  DRAWING 

From  the  above  program  select  the  optimum  process  to  be  used  on  the 

remaining  five  extrusions.  Use  data  sheet  shown  In  Figure  3  to  record 

all  pertinent  criteria. 

1.90  HEAT  TREATMENT  OF  PILOT  PRODUCTION  QUANTITY 

a.  Heat  treat  to  RH-950  condition. 

b.  Determine  mechanical  properties  --  nine  longitudinal  and  nine 
transverse  specimens  from  each  tee  section  plus  micros  and  R^. 
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VII  REVISION  OF  PROGRAM  OBJECTIVES 


The  program, as  outlined  In  Section  II  Contract  Summary,  has  been 
revised  during  this  reporting  period.  The  first  change  Is  a  revision  to 
Phase  III  "Development  of  Both  Extrusion  and  Drawing  Techniques  for  an 
Actual  RS-70  Weapons  System  Structural  Shape  In  FH15-7MO  Steel  Alloy." 

The  contract  did  call  for  a  pilot  production  quantity  of  thirty  shapes  to 
be  produced  after  proper  experimentation  In  order  to  substantiate  optimization 
of  process  techniques.  The  change  reduces  this  quantity  from  30  to  10  In 
order  to  avoid  an  excessive  buildup  of  costs.  There  Is  no  change  In  the 
contract  requirement  of  shipping  the  pilot  production  quantity  to  North 
American  Aviation  for  their  evaluation. 

The  second  contract  change  Is  the  complete  deletion  of  Phase  V  require¬ 
ments.  Phase  V  called  for  development  of  production  methods  for  heat  treat 
optimization  In  full  20  foot  lengths.  There  are  few  facilities  capable  of 
this  type  operation.  However,  the  large  gantry  type  furnace  at  Llndberg 
Steel  Treating  Company  In  Melrose  Park,  Illinois,  appeared  very  adequate 
arid  satisfactory  for  this  purpose.  Instead  of  heat  treatment  of  the 
sections  In  full  20  foot  lengths,  foot  long  specimens  will  be  cut  from 
various  locations  along  the  length  and  heat  treated  separately,  tested  and 
evaluated  concurrently  with  each  of  the  phases  to  follow. 
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VIII  SELECTION  OF  PHASE  III  SHAPE 


Inasmuch  as  the  next  series  of  experiments  which  are  listed  In  Section  VI 
of  this  report  are  expected  to  consummate  Phase  II,  preliminary  planning  for 
Phase  III  has  been  Instituted.  Since  the  contract  calls  for  selection  of  an 
actual  RA-70  weapons  system  shape,  North  American  Aviation  was  contacted  to 
ascertain  the  scope  of  potential  target  selections.  After  extensive  perusal 
and  conferences  with  the  ASD  Project  engineer  and  Allegheny  Ludlum,  a  very 
representative,  yet  challenging,  target  shape  was  selected  and  Is  shown  In 
Figure  y/4.  At  first  glance  It  does  not  appear  too  different  from  the  present 
Phase  II  shape  shown  In  Figure  1.  However,  the  closing  hook  at  the  top  of 
the  vertical  leg  greatly  Increases  the  complexity  of  the  drawing  operation. 

In  addition,  the  variation  in  thickness  is  a  new  variable  and  challenging  to 
both  the  extruding  and  drawing  operations. 

The  shape  represents  a  wide  and  extensive  number  of  variations  of  the  same 
basic  configuration  used  In  the  RS-70. 

A  solution  to  previous  difficulty  of  metal  plleup  on  the  edge  will  be  effected 
by  designing  the  preliminary  dies  without  construction  at  the  extremities. 
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EXTRUDED  SHAPE 


PH15-7MO  STEEL 


FIGURE  4  TARGET  SHAPE  FOR  PHASE  III 


“If; 
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IX  CHANGE  OF  MODE  OF  PREHEAT  FOR  DRAWING 


Previous  to  this  reporting  period,  the  selected  means  of  Inducing  heat 
into  the  section  ahead  of  the  draw  die,  has  been  by  means  of  a  100  KW  Lepel 
induction  heater.  The  history  of  Phase  II  development  has  been  replete  with 
unexpected  and  unforeseen  difficulties  connected  with  the  very  critical  re¬ 
quirements  of  inducing  and  controlling  proper  levels  of  temperature  into 
these  very  thin  sections.  These  difficulties  have  been  of  a  nature  which 
Included  both  equipment  breakdown  and  operational  character.  The  critical 
deficiency  appears  to  be  an  inability  to  closely  control  the  temperature  over 
the  length,  under  the  dynamic  conditions  of  the  gripper  die  hookup  and  draw 
speed.  The  most  recent  difficulty  has  been  failure  and  replacement  of  a  time 
relay  motor  which  controlled  sequencing  of  the  main  generator.  Repeated  arcing 
of  the  induction  coll  has  occurred  through  the  Flberfax  liner.  This  is  some¬ 
times  caused  by  deterioration  of  the  liner  as  the  result  of  cutting  and  abrasion 
of  the  passing  edges.  Various  liners  and  cements  have  been  tried  without 
material  lnq>rovement.  Repeated  arcing  has  necessitated  the  replacement  of 
the  25  turn  copper  coll.  A  new  work  coil  is  currently  being  fabricated  which 
will  have  11  more  turns. 

Because  of  the  tenure  and  multiplicity  of  difficulties  connected  with 
the  induction  heater,  an  alternate  means  of  heating  has  been  developed  and 
Installed.  It  is  a  resistance  type  muffled  furnace  which  was  designed  by 
TMCA  and  constructed  at  Allegheny  Ludlum  in  Watervllet.  It  is  composed  of  a 
stainless  steel  tube  3  inches  in  diameter  which  is  resistance  heated  by  water 
cooled  clamps  attached  to  each  end  of  the  tube.  Power  is  supplied  by  two 
1500  Amp  DC  welding  generators.  Amperage  is  supplied  at  low  voltage  to  reduce 
arcing.  The  heated  tube  is  encased  by  K-33  Insulating  brick  and  magnesia  blocks 
along  its  entire  length  and  periphery.  The  refractory  material  is  covered  by 
a  3/16  inch  thick  mild  steel  plate. 

Preliminary  runs  on  the  furnace,  show  good  reliability  with  a  temperature 
variance  from  the  radiant  heat  of  +  50°  F.  A  comparison  of  the  two  means  of 
heating  Indicates  the  resistance  furnace  to  be  more  reliable  but  less  flexible 
than  the  induction  mode  of  heating.  Chief  drawback  is  the  fact  that  tempera¬ 
ture  at  the  draw  die  can  be  controlled  primarily  by  draw  speed. 

Pictures  and  drawings  of  the  new  heating  setup  will  be  Included  in  the 
next  report.  Tentative  plans  call  for  utilization  of  the  resistance  furnace 
until  or  unless  the  new  coll  for  the  induction  heater  exceeds  expectations. 
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X  EXTRUSION  BILLET  ANALYSIS 


In  ordering  PH15-7MO  extrusion  billet  for  the  new  effort, Allegheny  Ludlum 
found  that  It  could  not  be  obtained  from  eastern  seaboard  sources  within  a 
reasonable  length  of  time,  so  Noralr  undertook  the  procurement  of  same.  A 
satisfactory  commitment  was  obtained  from  a  Los  Angeles  source,  and  a  forged 
bar  of  3%  Inch  diameter  was  ordered  under  North  American  Aviation's  material 
specification  NAA  LB0160-123.  Also  stipulated  was  the  requirement  that  the 
ferrite  content  should  not  exceed  20%.  Previously  used  material  at  Allegheny 
Ludlum  was  approximately  40%  In  ferrite  and  was  believed  to  be  detrimental  In 
both  processing  and  In  obtaining  satisfactory  mechanical  properties. 

Vendor's  Test  Results,  furnished  with  the  Incoming  billet  stock,  certified 
that  the  material  was  capable  of  meeting  physicals  In  the  following  condition: 


Heat  No. 

Condition 

Yield 

Tensile 

Elong  % 

%  Red 

In  Inches 

of  Area 

ARMCO 

TH-1050 

195.000 

196.000 

16.2 

40.0 

31436 

RH-950 

222,000 

223,500 

11.1 

37.0 

The  chemistry  was  as 

follows: 

C 

Mn  P 

S 

Sll 

N1 

Cr 

Mo  A1 

.057 

.61  .015 

.012 

.35 

7.26 

14.95 

2.24  1.09 

The  ferrite  content  was  listed  as  10%. 

Following  receipt  of  the  billet  stock  with  the  above  listed  test  results 
the  stock  was  sent  to  Norair"s  Material  Science  Laboratory  for  recheck  and 
further  analysis.  The  bar  was  cut  in  half  and  samples  taken  from  each  end 
and  the  center.  Chemistry,  micro  and  macro  samples  were  prepared  and  evaluated. 
The  Mterial  was  adjudged  to  be  satisfactory.  Results  with  photos  will  be 
Included  In  the  next  report. 


XI  PROGRAM  FOR  NEXT  REPORTING  PERIOD 


Early  in  the  reporting  period  a  new  extrusion  effort  Is  scheduled  to 
provide  additional  stock  for  optimizing  the  warm  drawing  techniques.  This  will 
be  followed  imnedlately  by  a  thorough  metal lurglcally  oriented  Investigation 
to  perfect  pointing  procedures,  to  determine  effects  of  preliminary  and  Inter¬ 
mediate  thermal  treatments  and  to  ascertain  austenitic  stability  characteristics 
at  various  temperatures  and  percentages  of  reduction.  There  will  be  a  consider¬ 
able  amount  of  In-process  testing  to  evaluate  the  effect  or  lack  of  same  with 
each  of  the  processing  parameters. 

Requirements  for  the  selected  RS-70  Phase  III  shape  have  been  determined, 
and  tooling  such  as  draw  dies,  etc.,  have  been  tentatively  planned.  After 
approval  of  completion  of  Phase  II  by  ASD  the  Phase  III  development  of  extrud¬ 
ing  and  drawing  techniques  for  the  RS-70  shape  will  be  Instituted. 

The  non-induction  coll  will  be  shipped  to  Allegheny  Ludlum,  set  up,  cali¬ 
brated,  and  evaluated  for  re-instatement  as  the  means  of  heating  for  the  warm 
drawing  cycle. 
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Sunmary  of  previous  Interim  Reports  published  under  Contract  AF33(600)- 
36713. 

Interim  Engineering  Report  No.  NAI-5^656f  included  a  full  discussion 
oti  the  surveys  of  both  the  airframe  and  the  steel  extruding  industries.  Also 
included  vias  the  basis  for  selecting  the  Phase  I  shape,  the  target  speclfic»> 
tlons,  and  the  initial  three  participating  subcontractors. 

Interim  Engineering  Report  No.  2,  NAI-5S-876,  included  a  full  discussion 
of  Allegheny  Ludlum*s  equipment,  extiniding  precepts,  and  facilities,  as  well  as 
reporting  the  first  half  of  their  experimental  extniding  effort.  It  covered 
only  the  preliminary  large  diameter  container  pushes  at  Harvey  Aluminum  because 
at  the  close  of  the  report  pezdod  their  small  diameter  container  had  not  been 
coR^etely  fabricated.  Interim  Report  No.  2  did  not  Include  any  teichnical  data 
from  C.  I.  E.  P.  M.  because  Sejotumet^s  extruding  effort  did  not  begin  until 
after  the  issuance  of  that  report. 

Interim  Engineering  Report  No.  3>  NQR-59~2/!('6,  included  a  detailed  de¬ 
scription  of  the  last  half  of  AUe^eny  Ludlisn’s  effort  since  the  first 
portion  was  covered  in  Report  No.  2.  The  extruding  effort  by  C.  I.  .E.  P.  H. 
(Sejoumet)  was  included  in  its  entirety  with  extensive  Inspection  data 
obtained  from  their  several  extrusions.  No  coverage  was  given  to  Harvey 
Aluminum* s  effort  because  Harvey  was  late  in  submitting  their  report. 

Interim  Engineering  Report  No.  kt  NAI-$9”354>  included  a  complete 
tabulation  of  detailed  inspection  and  evaluation  of  samples  submitted  from 
each  of  the  three  participants.  Such  it«ns  were  listed  as  dimensional 
variation,  siu’face  roughness,  and  inclusion  count.  Also  included  was  the 
complete  presentation  of  the  entire  Riase  I  effort  for  Haivey  Aluminum. 

A  discussion  and  sunmatlon  of  the  scheduled  Phase  I  effort  was  presented 
together  with  details  of  an  extended  development  effort  for  Phase  I  with 
Allegheny  Ludlm  as  subcontractor. 

Interim  Engineezdng  Report  No.  5,  included  details  of  the 

design  and  utilization  of  a  radiation  shield  for  heating  and  handling  of 
billets.  Also  included  was  information  and  technical  substantiation  for  a 
hl^heat  container  liner  which  was  conceived  and  fabricated  primarily  for 
extruding  J^286  material.  The  report  presented  details  of  an  extruding 
effort  with  the  hig^heat  liner  which  was  foreshortened  due  to  premature 
container  and  stem  failxure.  Efforts  to  replace  these  failed  major  compo* 
nents  was  underway  vhen  the  steel  strike  halted  all  activity. 

Interim  Engineez*ing  Report  No.  6,  NOIW6(>>106  includes  activities 
starting  from  the  end  of  the  steel  strike  on  7  November  1959.  After  resuiq>- 
tion  of  wDzic  schedules,  some  time  was  consumed  in  reactivating  the  plant 
and  facilities  during  which  a  xiew  liner  and  new  stems  were  being  finished. 
Extruding  of  A-286  was  again  attenpted  with  the  hi^  heat  liner  and  again 
resulted  in  gross  failure  of  tooling.  Subsequently,  FH15-7IK)  was  su1>> 
stltTited  for  A-286. 
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Another  extruding  effort  was  made  with  H-U  and  the  new  PH15-7MO  using  a 
container  liner  at  the  more  conventional  900«F  temperatiuTe.  It  was  anticipated 
that  extruding  of  A-286  will  possibly  be  resumed  at  a  later  stage  in  the 
program. 

Interim  EJngineering  Report  No.  7»  NCit*6&-253»  con^jletely  summarized 
Hiase  I  effort.  A  major  extruding  effort  was  planned  and  effected  using  H-U 
and  PH15*-7MO.  A  new  stable  die  material  was  used  extensively  which,  in  the 
previous  period,  had  indicated  promise.  A  new  higher  melting  point  glass  was 
used  with  billets  that  received  a  longer  soak  period  at  temperature.  Results 
were  deoned  to  be  an  unprecedented  success  in  efforts  to  produce  super  thin 
(.06)  thicknesses  of  aircraft  type  shapes  in  difficult-to-foim  alloys. 

Interim  Engineering  Report  No.  8,  N(B-6l-199,  includes  mechanical  pro¬ 
perty  test  results  showing  low  longitudinal  tensile  values  In  the  leg  sectioi 
in  the  evaluation  of  Phase  I  extznisiois  in  both  H>11  and  PH15-7MO  materials. 

It  includes  extensive  metallurgical  studies  by  both  Northrop  and  Armco  Steel 
Corporation  which  suggest  that  the  low  properties  resulted  from  diffusion 
of  the  nickel  lubricant  material  into  the  surface  of  the  extrusions.  It  also 
covers  program  planning  for  Phase  II  to  resolve  this  problem  as  well  as 
further  liipx*oventent  of  extruding  techniques.  Also  included  is  planning  for 
cold  and  warm  drawing  to  yield  sections  of  .04  wall  thickness. 

Interim  Engineering  Report  No.  9*  NOR-61-2A5,  shows,  results  of  Phase  II 
extruding  effort  to  improve  the  producibility  of  the  process,  eliminate  low 
mechanical  properties,  and  provide  extruded  stock  for  cold  and  warm  drawing 
experimentation.  Details  of  the  extniding  effort  with  some  clad  and  some 
unclad  billets  in  both  H-U  and  PH15-7M0  is  covered. 

Interim  Engineering  Report  No.  10,  NCR>62-19,  comprises  full  details  of 
final  extruding  effort  to  provide  stock  for  Phase  II  drawing  eoq)erimenbation. 

The  effort  showed  good  reproducibility  and  pz^>ved  the  feasibility  of  eliminat¬ 
ing  the  nickel  plate  previously  used.  It  also  delineates  the  details  and 
difficulties  of  setting  iq)  and  prtiiminary  calibration  of  the  induction 
heating  cqiparatus  for  warn  draidng. 

Literim  Engineering  Report  No.  11,  N(B-6d-77,  provides  a  full  description 
of  the  warm  drawing  facility  and  equipaient  used  for  developing  techniques  for 
very  thin  H-U  and  FHL5-7MO  airframe  shapes.  Precise  dimensional  data  is 
presented  in  gnqihic  form  or  extruded  stock  to  be  drawn.  Some  of  the  diffi¬ 
culties  encountered  in  pointing  and  gripping  are  given  with  the  remedial 
action  vdilcdi  was  requied.  The  extensive  problems  connected  with  obtaining 
a  unifora  preheat  with  the  induction  heater  are  covered  and  the  resultant 
corrsctive  action  of  using  constant  power  and  constant  speed. 

Interim  Engineering  Report  No.  12,  NORf>62>170,  stmnarizes  details  of  develop¬ 
ment  of  process  techniques  for  warn  drawing  I^U  from  an  as  extruded  thickness 
of  .065  throu^  four  reductions  to  a  thickness  of  .01^0.  Also  discussed  are 
details  of  a  chevron  type  defect  idiich  developed  qwradicaUy  during  the 
reducing  passes.  The  report  contains  dimensional  inq>ectlon  insults  of  the 
fully  drawn  sections. 
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Interim  Engineering  Report  #13,  NOR-62*216,  contains  similar  data  to  Report  #12 
except  that  the  experimental  material  Involved  Is  PH15-7MO  Instead  of  the  H-11 
contained  in  Report  #12,  Results  of  processing  technique  development  of 
PH15-7MO  Is  given  In  detail,  summarized  and  evaluated.  Further  discussion  of 
the  chevron  type  defect  which  has  been  encountered  with  both  types  of  material 
is  also  Included. 


26 


DISTRIBUTION  LIST 
Contract  AF  33(600) -36713 


1  Copy 

Aeronca  Manufacturing  Corporation 
Municipal  Airport 
Middletown,  Ohio 

Hq  Air  Research  &  Development  Command 
Andrews  Air  Force  Base 
Washington  25,  D.C. 

ATTN;  RDRAE-F,  Mr.  Knlffen 

Allegheny  Ludlum  Steel  Corporation 
ATTN:  Extrusion  Plant 
Watervllet,  New  York 

Dr.  H.  J.  Altwlcker,  Consultant 
Lebanon,  Ohio 

Aluminum  Company  of  America 
ALCOA  Building 
Pittsburgh,  Pennsylvania 

Armco  Steel  Corporation 
Middletown,  Ohio 

Armour  Research  Foundation 
Chicago,  Illinois 

AVCO  Manufacturing  Corporation 
Lycoming  Division 
Stratford,  Connecticut 

Babcock  &  Wilcox  Co. 

Beaver  Falls,  Pennsylvania 

Baldwln-Llma-Hamllton  Corporation 
Eddystone  Division 
ATTN:  Mr.  Leon  Mol lick 

Manager  of  Engineering 
Philadelphia  42,  Pa. 

Battalle  Masnrial  Institute 
Metal  Working  Division 
ATTN:  Hr.  A.  M.  Sabroff 
Assistant  Chief 
505  King  Avenue 
Columbus,  Ohio 

Battalle  Memorial  Institute 
500  King  Avenue 
Columbus  1,  Ohio 


Battel le  Memorial  Institute 
Defense  Metals  Information  Center 
500  King  Avenue 
Columbus,  Ohio. 

Beech  Aircraft  Corporation 
9709  E.  Central  Avenue 
Wichita  1,  Kansas 

Bell  Aircraft  Corporation 

P.O.  Box  1 

Buffalo  5,  New  York 

Bell  Aircraft  Corporation 
P.O.  Box  482 
Blue  Mound  Road 
Fort  Worth,  Texas 

Bendlx  Aviation  Corporation 
Bendlx  Prod.  Division 
South  Bend,  Indiana 

Boeing  Airplane  Company 
P.O.  Box  3107 
Seattle  14,  Washington 

Boeing  Airplane  Company 
Wichita,  Kansas 

Bridgeport  Brass  Division 
National  Distillers  &  Chemical  Corp. 
ATTN:  Mr.  6.  W.  Cleveland, 

Sales  Engineer 
Niles,  Ohio 

California  Institute  of  Technology 
Jet  Propulsion  Laboratory 
ATTN:  I.E.  Newlan 
4800  Oak  Grove  Drive 
Pasadena  3,  California 

Cameron  Iron  Works,  Inc. 

ATTN:  R.  D.  Springer 
Special  Products  Division 
P.O.  Box  1212 
Houston  1,  Texas 

Canton  Drop  Forging  Manufacturing  Co. 
Canton,  Ohio 


27 


Cessna  Aircraft  Corporation 
5800  Franklin  Road 
Wichita  14,  Kansas 

Chase  Brass  &  Copper  Company 
Research  Department 
Waterbury,  Connecticut 

Cleveland  Twist  Drill  Company 
ATTN:  Mr.  Robert  D.  Lesher 
Research  Metallurgist 
Cleveland  14,  Ohio 

Comptolr  Industrial  d'Etlrage  Et 
Profllage  de  Metaux 
30  Avenue  de  Messlne 
ATTN;  R.  Hubert 
Paris  8  ?  France 

Convair,  Division  of  General 
Dynamics  Corporation 
Grant's  Lane,  P.O.  Box  371 
Fort  Worth,  Texas 

Convair,  Division  of  General 
Dynamics  Corporation 
1675  West  16th  Street 
Pomona,  California 

Convair,  Division  of  General 
Dynamics  Corporation 
4297  Pacific  Highway 
San  Diego  10,  California 

Convair,  Division  of  General 

Dynamics  Corporation 

3165  Pacific  Highway 

P.O.  Box  1950 

San  Diego  12,  California 

Crucible  Steel  Co.  of  America 
ATTN:  Dr.  Howard  Clark 
Midland,  Pennsylvania 

Crucible  Steel  Co.  of  America 
ATTN:  Walter  Finley 
Director  of  Research 
Mellon  Square 

Pittsburgh  22,  Pennsylvania 

Curtis -Wright  Corporation 
Metals  Processing  Division 
Buffalo,  New  York 


Curtiss -Wright  Corporation 
Wright  Aeronautical  Division 
ATTN:  Technical  Library 
Wood-Rldge,  New  Jersey 

Deblln  Manufacturing  Company 
ATTN:  Emanuel  Helfand 
889  Sheffield  Avenua 
Brooklyn  7,  New  York 

Department  of  Navy 

Bureau  of  Weapons 

ATTN:  E.  Samfllippo,  AE  155 

Washington  25,  D.C. 

Douglas  Aircraft  Company 
827  Lapham  Street 
El  Segundo,  California 

Douglas  Aircraft  Company 
3855  Lakewood  Boulevard 
ATTN:  Mr.  0.  L.  Rumble 
Long  Beach  8,  California 

Douglas  Aircraft  Company 
Santa  Monica,  California 

Douglas  Aircraft  Company 
P.O.  Box  1017 
Tulsa,  Oklahoma 

Dow  Chemical  Company 
Madison,  Illinois 


E.  I.  DuPont  DeNemours  &  Coupany,  Inc. 

Pigments  Department 
ATTN:  Nr.  E.  M.  Mahla 
Wilmington,  Delaware 

Engineering  Supervision  Co. 

ATTN:  Nr.  Alexander  Zeltlln,  President 
787  United  Nations  Plaza 
New  York  17,  New  York 

Fairchild  Engine  &  Airplane  Corp. 
Fairchild  Aircraft  Division 
Hagerstown,  Maryland 

The  Garrett  Corporation 
AlResearch  Manufacturing  Division 
Los  Angeles  45,  California 


Dow  Chemical  Company 
Midland,  Michigan 


28 


General  Electric  Company 
Flight  Propulsion  Division 
Technical  Information  Center 
Mall  Zone  F-22 
Clnclnnattl  15,  Ohio 

General  Motors  Corporation 
Allison  Division 
Indianapolis,  Indiana 

Goodyear  Aircraft  Corporation 
1210  Massllllon  Road 
Akron  IS,  Ohio 

Grumman  Aircraft  Engineering  Corp. 
Bethpage,  Long  Island,  New  York 

H.  M.  Harper  Company 
ATTN:  E.  A.  Channer 
Vice  President,  Sales 
Morton  Grove,  Illinois 

Harvey  Aluminum,  Inc. 

19200  S.  Western  Avenue 
Torrance,  California 

Hiller  Helicopter 
1350  Willow  Road 
Palo  Alto,  California 

Hayes  Aircraft  Company 
P.  0.  Box  2287 
Birmingham,  Alabama 

Haynes  Stellite  Company 
ATTN:  F.  S.  Boericke 
Technical  Service  Manager 
2770  Leonls  Boulevard 
Los  Angeles  58,  California 

Haynes  Stellite  Company 
ATTN:  Hr.  F.  S.  Badger 
Vice  President,  Metallurgy 
Kokoso,  Indiana 

Hughes  Aircraft  Company 
Florence  &  Teale  Streets 
Culver  City,  California 

Hughes  Aircraft  Company 
Ttiscon,  Arizona 


Kaiser  Aircraft  &  Electronics  Corp. 

P.  0.  Box  1828 
Oakland,  California 

Kaiser  Aluminum  &  Chemical  Corporation 
Dayton  Sales  Office 
349  W.  First  Street 
Dayton,  Ohio 

Kawneer  Aircraft  Products  Division 
Niles,  Michigan 

Lockheed  Aircraft  Corporation 
Burbank,  California 

Lockheed  Aircraft  Corporation 
Marietta,  Georgia 

Lockheed  Aircraft  Corporation 
Van  Nuys,  California 

Llng-Temco-Vought,  Inc. 

Aeronautics  &  Missile  Division 
P.  0.  Box  6118 
Dallas,  Texas 

Magnthermic  Corporation 
ATTN:  J.  A.  Logan 
Youngstown,  Ohio 

The  Martin  Company 
Baltimore  3,  Maryland 

Martin  Company 
Orlando  Division 
ATTN:  George  C.  Pfaff 
Orlando,  Florida 

McDonnell  Aircraft  Corporation 
ATTN:  C.  E.  Zoller 
Lambert'St.  Louis  Municipal  Airport 
Box  516 

St.  Louis  3,  Missouri 

Mueller  Brass  Company 
ATTN:  Thomas  E.  Fearnside 
1925  Lofeer  Avenue 
Port  Huron,  Michigan 


Mr.  E.  V.  Bennet 
Division  of  Engineering  and 
Industrial  Resources 
National  Academy  of  Science 
National  Research  Council 
Washington  25,  D.  C. 


National  Aeronautics  &  Space  Admin. 

Lewis  Research  Center 

ATTN:  George  Handel,  Chief,  Library 

2100  Brookpark  Road 

Cleveland  35,  Ohio 

Northrop  Corporation 
Noralr  Division 
1001  Eacit  Broadway 
Hawthorne,  California 

North  American  Aviation,  Inc. 
Columbus  15,  Ohio 

North  American  Aviation,  Inc. 

12214  S.  Lakewood  Blvd. 

Downey,  California 

North  American  Aviation,  Inc. 

International  Airport 

Los  Angeles  45,  California 

Nortronlcs  Systems  Support* 

ATTN:  Gordon  Hllcox,  Librarian 
500  E.  Orangethrope  Avenue 
Anaheim,  California 

Oak  Ridge  National  Laboratory 
Metals  &  Ceramics  Division 
ATTN:  Mr.  W.  C.  Thurber 
P.  0.  Box  X 
Oak  Ridge,  Tennessee 

Radloplane  Company 
Engineering  Admin.  Department 
ATTN:  F.  D.  Murphy 
8000  Woodley  Avenue 
Van  Nuys,  California 

Republic  Aviation  Corporation 
ATTN:  Nr.  A.  Kastelowltz, 

Director  of  Nfg.  Research 
Farmlngdale,  Long  Island,  New  York 

Republic  Research  Center 
6801  Brecksvllle  Road 
Cleveland  31,  Ohio 

Republic  Steel  Corporation 
Massillon,  Ohio 

Reynolds  Metals  Company 
Dayton  Sales  Office 
11  W.  Monument  Bldg. 

Dayton,  Ohio 


Rheem  Manufacturing  Company 
9236  E.  Hall  Road 

Downey,  California 

Rohr  Aircraft  Corporation 
Chula  Vista,  California 

Ryan  Aeronautical  Company 

Llndberg  Field 

San  Diego  12,  California 

Sikorsky  Aircraft  Division 
United  Aircraft  Corporation 
Stratford,  Connecticut 

A.  0.  Smith  Corporation 
ATTN:  Mr.  H.  D.  Barnes,  Director 
R  &  D  Division 
P.  0.  Box  584 
Milwaukee  1,  Wisconsin 

Solar  Aircraft  Company 
2200  Pacific  Highway 
San  Diego  12,  California 

Standard  Pressed  Steel  Company 
Aircraft  Products  Division 
Jenklntown,  Pennsylvania 

Superior  Industries 
3786  Oakwood  Avenue 
ATTN:  J.  Gwatkln 
Youngstown  9,  Ohio 

Thompson-Ramo-Wooldrldge 

Staff  Research  &  Development 

Chemical  &  Metallurgical  Department 

23555  Euclid  Avenue 

ATTN:  A.  S.  Neuy 

Cleveland  17,  Ohio 

Titanium  Metals  Corporation  of  America 

ATTN:  Ward  Mlnkler 

233  Broadway 

New  York  7,  New  York 

United  Aircraft  Corporation 
Pratt  &  Whitney  Aircraft  Division 
E.  Hartford,  Connecticut 

United  States  Steel  Corporation 
Products  Development  Division 
525  William  Penn  Place 
Pittsburgh,  Pennsylvania 


30 


Vanadium  Corporation  of  America 
ATTN:  C.  N.  Cosman 
Metallurgical  Engineering 
Graybar  Building 
420  Lexington  Avenue 
New  York  17 •  New  York 

Vertol  Helicopter  Corporation 
Morton,  Pennsylvania 

Hestlnghouse  Electric  Corporation 
Bettis  Atomic  Power  Division 
ATTN:  Virginia  Sternberg,  Librarian 
P.O.  Box  1468 

Pittsburg  30,  Pennsylvania 

AFLC  (MCPE,  Col.  R.  0.  Mltterllng) 
Wrlght-Patterson  AFB,  Ohio 

ASD  (ASRCMP-4,  Mr.  S.  Inouye) 
Wrlght-Patterson  AFB,  Ohio 

ASD  (ASW,  Mr.  Hazen  A.  Miles) 
Wrlght-Patterson  AFB,  Ohio 

ASD  (ASRCMC,  Mr.  W.  C.  Ramke) 
Wrlght-Patterson  AFB,  Ohio 

ASD  (ASYF,  Mr.  J.  M.  Troyan) 
Wrlght-Patterson  AFB,  Ohio 

ASD  (ASRCE,  Mr.  J.  Teres) 
Wrlght-Patterson  AFB,  Ohio 

ASD  (ASNPFP,  Mr.  R.  Farrington) 
Wrlght-Patterson  AFB,  Ohio 

ASD  (ASRC,  Dr.  A.  M.  Lovelace) 
Wrlght-Patterson  AFB,  Ohio 


Commanding  Officer 
ATTN:  S.  V.  Arnold 
Watertown  Arsenal 
Watertown,  Massachusetts 

ASD  (ASYF,  Mr.  J.  M.  Troyan) 
Wrlght-Patterson  AFB,  Ohio 

3  Copies 

Aeronautical  Systems  Division 
ATTN:  ASRCMP 

Wrlght-Patterson  Air  Force  Base,  Ohio 
5  Copies 
ASD  (ASRCTB) 

Wrlght-Patterson  AFB,  Ohio 
10  Copies 

Armed  Services  Technical 
Information  Agency 
Document  Service  Center 
Arlington  Hall  Station 
Arlington,  Virginia 


ASD  (ASRCEM-IA,  Mrs.  N.  Ragen) 
Wrlght-Patterson  AFB,  Ohio 

FTD  (TD-E2b) 

Wrlght-Patterson  AFB,  Ohio 
2  Copies 

Chief,  Bureau  of  Weapons 
DepartsMnt  of  the  Navy 
Washington  25,  D.C. 


